HOW TO NAVIGATE WHERE 
FAMILIAR LANDMARKS ARE NOT 
AVAILABLE 


How do! get to where??? 


Earthquakes, tsunamis, tornadoes, explosions, 
volcanic eruptions, etc., all have the ability to 
massively rearrange the landscape and 
displace familiar landmarks. 

You may be volunteering to work in a location 
you are not familiar with — a different city, 
county, or state. 

Getting to (finding) your assigned location 
could be a challenge. 


Where am I? 


e Accurate position reporting is critical when 
reporting information in a disaster situation. 


e Must be uniform and consistent among all 
responders, volunteer or professional, local, 
regional or national. 


EASY ANSWER 


(To both questions) 


Use my GPS receiver 


But you have to know how to set it up properly, 
what coordinate system to use, and what datum 
to use, in order to obtain accurate location 
information. 


WE WILL DISCUSS 


¢ National/Federal Standards 
¢ Coordinate Systems and DATUM 


e How to set up your GPS properly 


YOUR ROLE 


e While responding as a communicator, you will 
be supporting other functions, and will be 
communicating in a structured Incident 
Command environment. 


e As such, you need to know and understand 
how to operate in that environment. 


Version 2.0 (November 2009) 


CATASTROPHIC INCIDENT 
SEARCH AND RESCUE ADDENDUM 
to the 
National Search and Rescue Supplement 
to the 


International Aeronautical and Maritime 
Search and Rescue Manual 


Version 2.0 


November 2009 


Department of Homeland Security 
Department of Interior 
Department of Commerce 
Department of Defense 
Department of Transportation 
National Aeronautics and Space Administration 
Federal Communications Commission 
(www.uscg.mil/nsarc) 


STANDARDS 


In the aftermath of Hurricane Katrina, the review of the Federal, military, State, and 
local SAR services response found that different SAR agencies used different methods 
to communicate geographic information, adding confusion and complexity to an 
extremely large scale SAR operation. Volunteer, local, State, Federal and military SAR 
responders working together in a CIS* environment face numerous challenges, 
including those relating to a lack of geospatial awareness. 


Three issues were identified during the Hurricane Katrina response: 


1) How do SAR responders navigate when landmarks such as street signs and 
homes are blown away? 
2) How do SAR responders communicate position in a common language? 


3) The final problem is SAR resource de-confliction - the ability to ensure multiple 
assets are not inappropriately operating in the same area — a significant problem for 
SAR responders. 


*CIS = Catastrophic Incident Search & Rescue 


(Reference: Catastrophic Incident Search & Rescue Addendum to the National Search & Rescue Manual, Departments of 
Homeland Security, Interior, Commerce, Defense, and Transportation, NASA and FCC) 


GEO-REFERENCING METHODS 


Three geo-referencing methods are to be used for CIS operations 
anywhere in the United States, as indicated in the National SAR 
Committee geo-referencing matrix. 


: U.S. NATIONAL GRID (USNG) 
. LATITUDE-LONGITUDE 
: GLOBAL AREA REFERENCE SYSTEM (GARS) 


CIS GEO-REFERENCING MATRIX 


User USNG Lat/Long GARS 
Land SAR Primary Secondary N/A 
Air SAR Secondary Primary Tertiary 


Incident Command will use the system applicable to 
who they are coordinating with (Land or Air support). 


COORDINATE SYSTEMS 
LATITUDE AND LONGITUDE 
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COORDINATE SYSTEMS 


Latitude — Longitude 
N47° 32.782’ W122° 21.138’ 
(Use ddd mm.mmm format) 


Note Latitude/Longitude can be expressed in... 
Degrees, Minutes, Seconds — 47° 32’ 46.9” x 122° 21’ 08.3” 
Degrees, Minutes & decimal minutes — 47° 32.782’ x 122° 21.138’ 
Degrees & decimal degrees - 47.54636° x 122.3523° 


Very difficult to measure on a map. 


If you ever get a location from 911 based on a cell phone, it will almost always be 
degrees & decimal degrees, and may not have the decimal points or any formatting, 


e.g., 4754631223523 — You can figure it out though: 4754631223523 = 47.5463 
122.3523 


COORDINATE SYSTEMS 


Universal Transverse Mercator (UTM) 
10T 548735 5266086 
Written in the format of Zone, Easting, Northing 


Level of precision 
10T 548735 5266086 - 1 meter 
10T 54873 526608 - 10 meters (typical) 
10T 5487 52660 - 100 meters 
10T 548 5266 - 1 KM 


Notice that at our location (anyplace north of the Panama Canal), 
easting is 1 digit less than northing. Most GPS units will 
display the easting with a leading zero (10T 054873 526608) 
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Universal Transverse Mercator (UTM) System 


Peter H. Dana 97/94 


Central Meridian 
500,000 mE 
42°N 


36°N 

30°N 

24°N 

8°N 

126 West _, 

es ae 

UTM Zone 10 eo 

(from 42°South 
to 42°North) 


Equator OmN 


¢ 120 West 


12s 


18°S 


24°S 


30°S 


36°S 


42°S 
123 West 


Zone 10 goes from 120° to 126° West Latitude. 
The Central Meridian is 123° West Latitude. 


A single UTM zone is 6 degrees wide, and 
extends from 84° North Latitude to 80° South 
Latitude. 


All UTM measurements are a distance from the 
point of origin for that UTM zone. The point of 
origin is the central meridian and the equator. 


Each zone has a central meridian 3° in from 
either side boundary. The central meridian is 
assigned an arbitrary easting value of 500,000. 
Easting is measured in meters. If the easting 
value is less than 500,000, the position is west 
of the central meridian. If the easting value is 
greater than 500,000, the position is east of 
the central meridian. (Easting increases as you 
go east.) 


Northing is measured in meters from the 
equator. (Northing increases as you go north.) 


Our UTM of 10T 548735 5266086 means that 
we are 48,735 meters east of, and 5,255,086 
meters north of, the point of origin in zone 10. 


There are some obviously complicated aspects to UTM. U.S. National Grid 
(USNG) tries to simplify that by breaking the country into 100,000 meter (100KM) 
squares, and only working within the specific 1OOKM square you are located in. A 
two letter Square Identifier is assigned to each 100KM square. The design of 
these 100KM squares is such that a 2-letter designator will not repeat for about 
1000 miles (clearly in a different UTM zone, and distant enough so as to not 
cause confusion in even a large scale incident). 


The advantage of using USNG is you are now only providing a metric coordinate 
within your particular 1OOKM square, and are not directly concerned with the 
equator, or central meridians, etc. 


However, USNG coordinates and UTM coordinates are based on the same 
foundation, as you will see in a minute. 


Mt Rai 


Mt Rainier National Park 


UTM <-> USNG 


e Universal Transverse Mercator (UTM) 


10T 548735 5266086 


To convert from UTM to USNG you drop the first easting digit and the 
first two northing digits from UTM and add the 2 letter grid designator. 


e U.S. National Grid (USNG) 

10T ET 48735 66086 
As long as everyone is in the same 100KM square, 
you can drop the UTM zone and Square Identifier 
and simply report your coordinates as 48735 
66086. 


Measuring Distance 


e One very nice aspect of USNG (and UTM) is 
that it is very easy to measure distance 
between locations. 


Your location: 10T 548735 5266086 
My location: 10T 548692 5265272 
Subtract: 043 814 


You are 43 meters north of me, and 814 meters 
east of me. 


Map Datums 


"Earth model to reference and compute coordinates 
"GPS Maps based on World Geodetic System 1984 
(WGS 84) 


"USGS quad maps based on North American Datum 
1927 (NAD27) 


"Some US maps are based on NAD83 (=WGS84) 
"Canadian maps are based on NAD83 


"Other countries have their own datums 


"GPS Receiver set up must match map. 


DATUM 


e Aspecific location coordinate referenced to 
one datum (e.g. WGS84) can be hundreds of 
meters different than the same coordinate 
referenced to a different datum (e.g. NAD27). 


¢ Our location, 10T 548735 5266086, plots to 
two positions 715 feet apart between the two 
datums. 
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IN SUMMARY 


e You need to program your GPS for the correct 
datum. 


e You need to program your GPS for the 
coordinate system being used for the incident. 


GPS BASICS 


GPS BASICS 


Not all are suitable for our purposes 


Do not support use of different datums or coordinate systems 


A few GPS suggestions 


Check batteries and settings before heading out 
Practice with and know your receiver 
Set your screens the way you want them 


If possible, set up trip screen to include both UTM 
and latitude/longitude fields (and/or USNG) 


Clear out old tracks, unneeded waypoints 


Organize waypoints by name and symbol for 
easier management 


Calibrate the compass and altimeter, if you have 
them 


Have all navigation equipment together and 
readily available 


Attach your navigation equipment to yourself 
(when on foot) 


Initializing the GPS receiver 


* Setup : *CRITICAL! 

Map Datum* 

Grid System* 

Distance units 

Other features or options 
If you have a digital compass, set it 
to kick in at under 2 mph speed (when 
on foot) 

Calibrate compass and altimeter, 

if receiver has them. 


Elevations 


GPS uses Height Above Ellipsoid (HAE) 

Elevations on a map are based on mean sea level 
shape (HAMSL) 

Can be very different and you won't know where or 
when it's different and by how much. 

Satellite geometry error increases elevation error. 
DO NOT USE GPS ELEVATIONS FOR CRITICAL 
NAVIGATION DECISIONS. 


GPS receivers with barometric altimeter use both 
methods. 

Barometric altimeters still need to be regularly 
calibrated at a known elevation. 


GPS MAPS 


Most consumer maps (e.g., Garmin, Thomas Brothers) use WGS84. 
Most topographic maps (e.g., USGS, Green Trails) use NAD27. 


Custom maps produced for a large scale incident will probably be NAD83, 
which is the same as WGS84 (for our purposes). 


If you have a mapping GPS and are using the map, in order to have your 
location accurately show on the map you need to set the correct datum. If 
you are using consumer street maps, the datum will probably be WGS84. 
If you have loaded USGS or other topographic maps, the datum will 
probably be NAD27. 


If the mapping datum is different than the mission datum, be particularly 
careful. Make sure you set the correct datum before reporting position or 
verifying position. Also make sure you set correct datum before relying on 
the map. 
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Using your GPS to mark your current location, and to 
navigate to another location. 


Mark Your Location: 
° Push the “Mark” button to get to the waypoint screen. 
e — Your current location is displayed in the “location” field. 
e You can edit the location name to be something meaningful. 
° Save the waypoint. 


Enter a Remote Location: 
° Push the “Mark” button to get to the waypoint screen. 
° Use the rocker keys to go into the location field, then edit the location to enter 
the data of the remote location you want. 
° Edit the name of the remote location. 
° Save the waypoint. 


You can now use the waypoint for the remote location to navigate to it. Use the “Find” 
function of your GPS. (Street routing may or may not work.) 


LESSONS LEARNED 


e During a recent large SAR mission, there were recurring 
problems with location reporting due to use of 
different datums and coordinate systems in field teams 
GPS receivers. 


e Lesson Learned: Set up a reference point at search base 
with the location specified in the datum and 
coordinate system being used. Have field teams check 
their GPS against that location before going into the 
field, which will verify correct datum and coordinate 
system are programmed. 


LESSONS LEARNED 


The Communications Unit Leader (COML) and 
Communications Technician (COMT) in a Type 1, 
2 or 3 Incident are almost without exception 
going to use Latitude/Longitude for location 
reference, and may or may not have ever heard 
of datum. 


MORE INFORMATION 


There is an online Land Navigation course developed for King County Search & Rescue 
which you can access if you would like more information on coordinate systems, datum, 
GPS use, or map & compass in general. 


The material is copyright King County Search & Rescue. Please do not copy or distribute 
that material without prior permission. Also please do not share the link and password 
publicly. There is a Maps module, a Compass Module, and a GPS module. Reviewing 
those lessons will provide a lot of information, however it is targeted at field teams on 
foot, in a wilderness environment rather than an urban environment. 


The link is: http://academy.kcsara.org/Navigation 
The password to access the material is: KingCountySAR 


There are offers on the page for help via email. That is intended for SAR members only. 
Please don’t send email to that address. You are welcome to contact me directly with 


questions. 


And, of course, Google and Bing are your friends. 


